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Introduction
Charging tuition fees for higher education continues to be a highly controversial issue. This is evidenced by the fact that, within Europe, higher education policies regarding tuition fee charging are very heterogenous and regularly changing. 1 In Germany, the Federal Constitutional Court paved the way for the introduction of tuition fees in 2005, when the decision-making autonomy was transferred to the federal state level. Shortly after this decision, 7 out of 16 German federal states introduced tuition fees. The question of raising tuition fees tourned out to be a matter of fundamental political conviction since currently, 5 out of these 7 states have again disposed tuition fees in the course of electoral changes from a conservative to a social-democratic government. In the light of this discontinuity in education policy, there are still rather few empirically well-grounded arguments dealing with the impacts of tuition fees on the general enrollment decision of German university freshmen as well as their location choice.
Particularly, the introduction of tuition fees raises the following policy questions: Do high school graduates -due to this financial burden -avoid studying in fee-raising states? Or are they, by contrast, attracted by the introduction of tuition fees as a signal for a higher quality of studies? And, if high school graduates eventually decide to take up a study, do tuition fees have an impact on their location choice?
Thus, from a national policy perspective, it may not only be essential to know whether the introduction of tuitions fees thwarts the general objective to increase the number of university freshmen in Germany. At the same time, it is important whether the implicit pricing signal associated with tuition fees can potentially be used as a policy instrument in order to redirect student flows (e.g., in favor of the East German universities as outlined in the Higher Education Pact 2020 ("Hochschulpakt 2020")).
Against the background of these research questions, this study performs a novel empirical evaluation of the enrollment and mobility effects of tuition fees in Germany. While there have been some evaluations published in the recent past, this investigation is "novel" with respect to the following three aspects: First of all, both, the effect of tuition fees on overall enrollment rates of university freshmen as well as on their locational choice, are examined, which are both interrelated and may thus be of joint relevance for policy decisions within a federal state.
Second, we evaluate the effect of tuition fees at different levels of aggregation. Particularly, when estimating the impact of tuition fees on student enrollment and mobility, we use data observed at state and university levels. Comparing different levels of aggregation helps 1 Whether higher education should be free of charge or subject to tuition fees is handled differently by education policies in European countries. While, one the one hand, countries like Austria have recently eliminated tuition for students finishing their studies within the designated study time or practice a longestablished tradition of free higher eduction such as in Scandinavia, on the other hand, the UK has increased tuition fees largely in 2012. A continuously updated database on tuition fees in Europe is published in the CESifo DICE report (the latest version can be found in the issue 1/2011), see http://www.cesifogroup.de/ifoHome/publications/journals/CESifo-DICE-Report.html. to identify regional trends at the higher macro-level. Additionally, the disaggregate university level data allows us to control for observed and unobserved university effects, which may be an important source of heterogeneity in the sample. Further, comparing the results from the state-and university-level estimates can be seen as a crucial sensitivity check for the existence of any aggregation bias leading to incorrect policy conclusions.
Third, we put a focus on whether male and female freshmen react differently to the introduction of tuition fees. Gender differences are frequently analyzed in education-related topics and are often found to be present. With regard to gender differences in higher education, this aspect has, for instance, recently been addressed in Becker et al. (2010) . Gaining insights into the existence of possibly unintended gender effects may yield further important information to judge about the pros and cons of tuition fees in the higher education system in Germany.
To do so, we use an econometric setup that exploits the variation in the regional timing of the state-level introduction of tuition fees by means of a Difference-in-Differences (DiD) estimator. At the aggregate state level, we find a statistically significant negative effect of tuition fees on total enrollment rates only for male students. Moreover, this effect is entirely driven by a net migration effect, redirecting university freshmen to states that do not charge tuition fees. We additionally estimate a dyadic migration model, which explicitly tracks individual state-to-state migration flows among each 2-tuple of states and their regime differences with respect to tuition fees. 2 The dyadic approach thus enhances the precision of the estimated impact of tuition fees on first-year students' mobility patterns compared to the analysis of the states' aggregate migratory balance. Our results here again show a redirecting effect, which is stronger for male compared to female students.
Finally, we perform the same type of analysis at the university level. This setup allows us to additionally control for observed and unobserved heterogeneity among universities as well as the relative distance between universities with different tuition fee regimes. The inclusion of geographical distance into the empirical model enables us to check if university freshmen in border regions of fee-raising and non-raising states use their location choice to react strategically to the introduction tuition fees by means of short-distance migration. Given that the total amount of the fee is rather small, it is not likely to have a strong impact on long-distance migration patterns. Universities in fee-charging states with a close-by opportunity in the form of a non-charging university would then be expected to face the biggest loss in enrollment rates.
In line with the results at the state level, the outcome of the university level model shows that there is no statistical evidence for an effect on internal enrollment rates within each state.
However, universities in tuition-raising states experience a lower inflow of university freshmen from non-raising states. For male students, this effect is indeed due to a "border effect", that is, those universities are subject to a negative gross in-migration rate, which introduce tuition fees and have a non-raising university within a 50 kilometer range. Again, for female students the mobility effect is generally lower compared to male students. However, after controlling for this short-distance border effect, the long-distance migration pattern of university freshmen does not show any particular gender differences.
The remainder of the paper is organized as follows: In the next section we give a brief review of the underlying theoretical framework to evaluate the enrollment and mobility effect of tuition fees and review earlier empirical contributions in the field. Section 3 then presents, after a short sketch of the institutional setup of tuition fees in Germany, the database, some stylized facts, and outlines the econometric approach. Section 4 presents the empirical results both for aggregate state-level as well as university-level data. Section 5 finally concludes the paper with some policy implications of our findings.
Theory and Literature

Theoretical models of study decision and location choice
According to the human capital theory (Becker, 1964) , the prospective student's decisionmaking process centers on a comparison of the benefits and costs of studying. Relevant factors entering into the decision making process are, besides the probability of completing the studies successfully, expected benefits, like expected labor market returns, and distinct cost factors including opportunity costs. Taken together, these aspects express the net utility from studying (see, e.g., Baier and Helbig, 2011) . In these theoretical considerations, tuition fees play an ambiguous role since they may both reflect enhanced quality as well as rising costs of studying at the same time. A priori it is thus not possible to make a clear-cut prediction about which effect dominates the other at the university or state level. This brings the analysis of tuition fees inevitably to the empirical level in order to provide evidence for their impact on enrollment and mobility rates.
Linked to this general decision of taking up a study or not, is the question of where to study. Analogue to the above argumentation, student migration is profitable if the expected discounted benefits from attending a university in another state exceed the corresponding costs of migration (compare, e.g., McHugh and Morgan, 1984) . The prospective student thus has to evaluate the relative utility differences between two locations rather than their absolute costs and benefits. Benefits from migrating into another state can originate from the potentially better quality of universities there or differences in the tuition fee regime under ceteris paribus conditions. Other costs associated with the migration decision comprise, for instance, housing costs, differences in living expenses as well as psychological costs of moving away from home.
Taking these aspects into account, moving from a fee-raising to a non-raising state can be profitable if the saved tuition fees exceed the housing and psychological costs. This might particularly hold for border regions of two states employing a differing fee policy there exist viable alternatives such as continuing to live at one's parental home or everyday commuting to university.
As argued above, we assume the enrollment and mobility effects of tuition fees as interrelated issues. This is supported by the fact that the introduction of tuition fees is not spatially inclusive and comprehensive and therefore affects the relative price of studying in different locations. We can thus decompose a change in the total enrollment rate at a particular university (or state) into a change in the internal enrollment rate and a migration effect (where rates are expressed in terms of the number of university freshmen relative to the age-specific population) as ∆ (total enrollment/age-specific pop.) = ∆ (internal enrollment/age-specific pop.)
where changes (∆) in internal enrollment and net migration are expected to be unidirectional.
The second term, i.e. the (net) migration or mobility effect, can further be decomposed into changes in gross in-migration and in gross out-migration as follows: ∆ net migration = ∆ gross in-migration − ∆ gross out-migration. All these enrollment and migration measures are used as outcome variables in the empirical estimations in section 4.
Besides a general assessment of enrollment and location-choice effets of tution fees, a particular focus of this paper is to explore whether tuition fees affect the the behavioral response of male and female high school graduates asymmetrically. This can be traced back to the theoretical and empirical question whether the respective valuation of costs and returns are likely to systematically differ by gender or if they react differently to changes in costs and returns, respectively. Theoretical predictions about the direction of a gender effect depend on whether the (subjectively perceived) costs or returns are prevailing.
In general, men are often assumed to be more likely to migrate due to their higher attachment to their careers. Despite the increasing labor market participation of women, men are still able to reap more financial benefits of university education compared to women since they work more lifetime hours on average (see, e.g., Pekkarinen, 2012) .
Another approach to this issue is provided by Becker et al. (2010) , who present a model of supply and demand in the market for students to explain the worldwide catch-up and outrun of male graduates by female graduates in higher education. In this model, supply to higher education is determined by the average benefits and costs for students as well as their variation across individuals within each gender. Given an -exogenously specified -demand for higher education, these factors then jointly determine total enrollment (and completion) numbers by the two sexes. Consequently, any difference between males and females mainly depends on the actual distribution of benefit and cost components within the two groups. According to that, there is no clear prediction about the direction of a gender difference from theory, which has to be analysed at the empirical level.
Earlier Empirical Evidence
Many of the recent empirical studies on tuition fees in Germany are of descriptive nature rather than trying to identify causal effects. 3, 4 Two exceptions, which, however, stay at a rather rough aggregate level, are studies by Hübner (2012) and by Baier and Helbig (2011) who both conduct a Difference-in-Differences (DiD) analysis. Using state-level administrative data, Hübner (2012) finds a negative effect of tuition fees on enrollment rates in fee-charging states of 2.7 percentage points which does not significantly differ by gender. He argues that this is a lower bound of the true effect, which he estimates to 4.7 percentage points based on a correction of spill-over effects to the control group. By contrast, using HIS data from 1999 to 2008, Baier and Helbig (2011) do not find a significant effect of tuition fees on the probability of studying, neither for the overall sample nor for subgroups like males and females.
The results of the remaining empirical literature are not clear cut either. While Heine et al. (2008) claim that the introduction of fees deterred graduates from studying, Baier and Helbig (2011) do not find any distortive effect. According to Heine and Quast (2011 ), Lörz et al. (2011 ), and Willich et al. (2011 , gender differences seem to be present with regard to the factors influencing the decision making process to take up university studies. These studies find evidence that women's decision to study more often relies on costs of studying than men's decision, or that the expected returns from studying are valued lower among females. However, the study by Dwenger et al. (2012) finds opposing effects. Their results suggest that the probability of graduates from fee states to apply for a university in their home state drops more for males after the introduction of tuition fees. Although covering all students in one particular field of studies, the analysis is restricted to administrative data (ZVS) of medical schools, which are a very special group with regard to the allocation of university places.
Finally, rather few contributions look explicitly at mobility effects. The result of a redistributive migration effect found by Dwenger et al. (2012) is also supported by Alecke and Mitze (2012) , who take a first look at interregional migration patterns of university freshmen across federal states. Their study can be seen as a point of departure for the empirical analysis in the next sections.
3 Institutional Background, Data and Econometric Setup
Institutional Background and Data
In January 2005, after several decades of almost cost-free university education, the German Constitutional Court agreed with a complaint against the nationwide ban of tuition fees. It was argued that otherwise the federal states' authorization to shape education policies autonomously was constrained. Consequently, now enabled to regulate higher education charging, 7 of the 16 For the empirical analysis, we use data on two different aggregation levels. After analyzing federal state level data in aggregated and dyadic form, we proceed on the more detailed university level. Both alternatives are based on the same source, which is administrative data of all students enrolled at a German university between 2001 and 2010. 6 This data set, the Statistic of Students and Examinations, is a full census of students in Germany based on reports by the examination offices and collected by the German Federal Statistical Office every semester.
The data include information on the number of students, first-year students, and graduates.
Information on scientific personnel are merged from another database provided by the Federal Statistical Office (2010). We combine these educational-and university-related information with information on (macro-)economic variables provided by the regional account system at the state level (State-level Account Systems, 2011) and by the Federal Employment Agency (2011).
Our outcome variables of interest are total and internal enrollment rates of university freshmen as well as their migration trends. As shown in Section 2, we can split up the effect for total enrollment rates into an internal enrollment effect and an interstate migration effect (net migration). The migration effect can be further split up into gross in-migration and gross outmigration. We then look more detailed into gross in-migration of first-year students by means of the dyadic model. The main advantage of the dyadic approach compared to the estimation of an overall migration balance for each state is that it explicitly allows to identify changes in the migratory patterns of students due to regime changes among two states, while one only observes an average effect at the overall migration balance per state. Finally, at the university level, we use four closely related variables. Like in the aggregate model, we analyze an inter-nal enrollment rate and a gross in-migration rate. The latter can be split up into variables measuring the gross in-migration rate to each university from an outside fee-raising state and from an outside non-raising state. These rates are each based on the total number of high school graduates holding a university entrance qualification in fee-raising or non-raising states, respectively. A more detailed definition of the dependent variables used in our analysis can be found in Table A1 in the Appendix.
We control for a harmonized set of variables that consists of the (log of) income per capita, the (log of) unemployment rate, shares of students within the age-specific population, of graduates, of foreign students, (log of) third-party funds, a researcher-to-student ratio, and year dummies. 7 The number of observations on the aggregated state level is 160 (16 states over 10 years) and on the disaggregated state level (dyadic model) it is 2,400 (16 x 15 = 240 state tuples over 10 years). 8 In the analysis at the university level, we additionally control for the (log of) scientific personnel. Moreover, the university-level data also allows us to further include a distance measure in our model in order to incorporate the spatial dimension of student migration. It is based on a calculated distance to the nearest fee-university or non-fee-university for non-fee-states or fee-states, respectively. 9 We further control for other reforms affecting the higher education sector that took place within our observation period. 10 We describe those reforms in the robustness section below. For the estimations on the university level, we restrict the sample to public universities since private universities are not directly affected by the introduction of tuition fees. We observe 213 universities which leaves us with 1,690 university-year observations after dropping missing values. 9 The calculation of the distances to the nearest university are based on the Stata ado file geonear which is using geodetic distances.
10 A full list of control variables can be found in Table A .1 in the Appendix.
Public universities in Germany cover different types of universities and colleges that mainly differ by their focus which is stronger on theory at universities ("Universitäten") and more practically oriented at technical colleges (TCs, "Fachhochschulen"). Additionally, there exist colleges that offer education in specialized fields, such as colleges of arts and music (CAM, "Kunst-und Musikhochschulen"). If not explicitly stated, we refer to all types of universities and colleges as universities. The respective numbers of each type can be seen from Table 1 and the distribution of these three university types across the federal states in Germany is shown in Figure 1 . The distance measure that we use in the university-level analysis is a dummy variable that indicates whether there is a university of the same type located within a 50 kilometer circuit but in another state that employs a contrary fee policy. 11 This is illustrated in Figure 2 . To give an example, this variable indicates whether in the 50 kilometer circuit of a TC in a fee-raising state there is another TC in a non-raising state. The number of universities to which this applies is listed in Table 2 . The distance information in the university-level data enables us to investigate migration patterns in a more differentiated manner. In particular, we are now able to analyze "border effects", that is we reveal whether migration effects occur concentrated in border regions of two federal states employing different fee policies. Another reason for estimating both 11 A 50 kilometer buffer was chosen as a suitable commuting distance.
on the federal state level and on the university level is the possible presence of an aggregation bias in the results from higher aggregation. 
Econometric Setup
Our empirical analysis treats the introduction of tuition fees in Germany as an exogenous variation that is likely to affect enrollment and mobility rates of German university freshmen according to quality and cost effects. In the following, states (or universities within these states) that introduced tuition fees within the sample period, will be assigned to a treatment group, while non-raising states (universities) will serve as a comparison group. Since we are dealing with panel data, we are able to compare the evolution in outcome variables over time by means of a DiD estimation strategy. While the DiD approach is typically based on a constant pre-and post-treatment period over all observations, here we extend the original approach to a fixed effects model framework with multiple treatments that vary over states in order to account for the staggered timing of fee introduction. Our starting point for estimation is a general model of the form
where y i,t is the outcome variable of interest (total enrollment rates, internal enrollment rates and migration trends), X i,t is a vector of (potentially lagged) explanatory variables comprising socioeconomic and education related variables, as outlined above, and i,t is a standard error term. The index i denotes the cross-sectional dimension of the data with i = 1, . . . , N and t is the time dimension with t = 1, . . . , T . While η i and λ t define unit and time fixed effects, respectively, the regressor T i,t indicates the treatment which, as described above, is varying across states. β 0 , β 1 and τ are coefficients to be estimated. We are particularly interested in the estimate for τ , which measures the difference in average outcomes among the treatment and comparison group according to
The interpretation of τ as a causal effect depends on the identifying assumption that both the treatment and the comparison group would have experienced the same trend in the absence of the treatment. In order to minimize the risk of distortive time trends for the two groups, we include a set of time-varying regressors X i,t , which capture economic and education-related regional trends throughout the sample period. Common time trends are captured by λ t , while time-fixed differences among units of observations are accounted for by the inclusion of unit fixed effects.
For most of the estimations, we rely on the above shown double-indexed panel data model according to equation 1 in measuring the causal effect of tuition fees on enrollment rates as well as the overall migratory balance for each state. However, when using dyadic flow data for migration, we extend the model to a triple-indexed specification for gross in-migration between state i and j at time period t. As shown in greater depth in Appendix B, the exploitation of this pairwise information allows us to set up a model with many more degrees of freedom, which increases estimation efficiency, and additionally allows us to precisely track each individual divergence in the migratory behavior among 2-tuples of treatment and comparison units. The triple-indexed specification also implies that more than one treatment effect has to be included into the regression specification.
Finally, given that we put a particular focus on exploring gender-specific effects in the outcome variables of interest, we will re-estimate all models for gender subgroups. This empirical exercise also allows us to compare the estimated coefficients for males and females in order to quantify the role of gender differences regarding size and statistical significance of the treatment effect. We do so by means of t-tests to test the null hypothesis of equal coefficients in the regression equations of male and female first-year students against the alternative of a statistically significant deviation in the behavioral responses among the sexes.
Empirical Results and Robustness Checks
Main Results
This section presents the empirical results from DiD estimations for the effect of tuition fees on the number of first-year students. All specifications at the different levels of data aggregation are estimated both for the overall number of first-year students and separated by gender. First, the upper part of Table 3 shows estimated effects for the aggregate model at the federal state level throughout the time period 2001 to 2010 (with a total of 160 observations). The impact of tuition fees on total enrollment rates turns out to be statistically significantly negative only for male freshmen, while the impact is estimated to be statistically insignificant for females as well as the overall specification (panel a). Decomposing this effect into an internal enrollment effect and an interstate migration effect shows that the negative effect for males is entirely attributable to a relocating net in-migration effect (panel c), while state-internal enrollment rates remain unaffected (panel b). The size of the total enrollment and the negative net in-migration effect for males is -1.6 and -1.5 %-points, respectively. While the observed gender difference in total enrollment is statistically significant according to a t-test of coefficient equality, subse-quent tests in Table 3 are not able to reject the null hypothesis of a common reaction of male and female first-year students to tuition fees.
We then further split the net migration effect up into changes in the gross in-migration and gross out-migration rate, respectively. As shown in panel d and panel e of Table 3 , the estimated negative net in-migration effect for males can be mainly attributed to a statistically significant drop in the gross in-migration rate into fee-charging states, while we do not find any significant impact on the gross out-migration rate. This latter asymmetry in the results can result from a changing distribution of in-migration rates after the introduction of tuition fees.
A part of those high school graduates who would have migrated to a certain state for studying, will, if fees are introduced in that state, choose another state out of the non-charging ones.
Average out-migration of high school graduates from fee-charging states will, however, not be affected if they primarily take the cost in the destination state into account in their migration decision.
Second, the lower part of Table 3 presents results from the dyadic migration model, which enables us to have an in-depth look into the observed male in-migration effect. In this model, we can additionally differentiate between the effect of tuition fee introduction in state i or in another state j. The results show redirecting effects as follows: On the one hand, an introduction of fees in state i causes significant out-migration of males. On the other hand, an introduction of fees in other states leads to a rising in-migration into state i of both male and female students while this effect is significantly stronger for males.
Finally, we break the analysis down to the university level to re-evaluate the above findings. Table 4 presents the estimation coefficients of interest. As described in Section 3, we now add an interaction of the treatment variable with a distance dummy indicating whether there is another university accessible within a 50 kilometer range which has a differing tuition fee regime (that is, the university is fee-charging or non-charging depending on the origin state).
The results basically confirm our previous findings. Again, we observe no effect of tuition fees on internal enrollment rates (see panel a). However, we find negative effects of tuition fees on gross in-migration, that is, the results suggest that both males and females are less likely to move into fee-charging states after the introduction (panel b). There is no evidence, however, for this effect being stronger in border regions of two states with different fee policies, neither for males nor for females.
The university level analysis further allows us to identify to which kind of origin states inmigration can be attributed, i.e., whether the sending states charge fees or not. Panel c of Table   4 shows effects of the introduction of tuition fees on mobility from non-raising to fee-raising universities. We find that the migration directed from non-charging states to charging states has significantly declined after the introduction of tuition fees (panel c). In this specification, we find a statistically significant "border effect" for male students. I.e., for males, the mobility effect is driven by those universities that are located near a border to a non-raising state where an alternative university is close (within a circuit of 50 kilometers). For females, by contrast, this "border effect" cannot be observed. However, after controlling for this border effect, female and male students do not respond significantly different anymore in terms of their long-distance migration behavior. Finally, panel d indicates that freshmen from charging states do not significantly change their migratory behavior, which is independent of the distance to a non-raising university. Migration from fee-raising universities to another fee-raising state does not change significantly, neither for males nor for females.
Thus, we do not find evidence for any impact of tuition fees on internal enrollment rates, neither at the state nor at the university level. However, we find a redistributing migration effect of tuition fees, which is stronger for male students compared to female students. If we look more carefully at the kind of migratory behavior, we see that most of the effect for males is driven by "border universities". These results imply that there is some evidence that tuition fees do not have a common overall effect but instead affect certain groups of students who have the favorable choice to enroll at a fee-raising or non-raising university without moving far (or at all). Changes in enrollment behavior which mainly seem to take place at borders of charging and non-charging states, are probably due to the absence of additional costs for moving to the other state. After controlling for that "border effect", gender differences almost disappear completely, which is confirmed by the results of the t-tests on coefficient equality between the two groups.
We still have to address the question why only male freshmen tend to show such a borderline migration behavior. One approach to explain the male "border effect" is rooted in differences in the chosen fields of study that are widely known to be present among male and female students. For instance, males may more often choose general fields of study (such as engineering, computer science, mathematics, etc. ), which are offered by more universities, giving them more possibilities to move within a rather narrow geographical range. However, when we include the composition of fields of study by gender into our estimation model as an explicit control factor, the empirical results are not affected. Thus, we do not find evidence for this type of argumentation. Still, males who migrate to non-charging universities will probably expect a higher net utility from studying there compared to studying in a fee-raising state. A reason for that could be that, compared to females, they do not expect large changes in returns due to tuition fees. Further, our results are in line with a previous study by Dwenger et al. (2012) who find that male high school graduates planning to study in the medical field are more likely to migrate from fee-raising states to other states after the introduction of tuition fees.
Robustness Checks
In the following, we will discuss the validity and robustness of our results. One critical issue raised by Baier and Helbig (2011) is that the number of so-called "pseudo students" is expected to drop in tuition-charging states, which could lead to a slight overestimation of the effect.
Those students are persons who are enrolled at a university not intending to study but just to take advantage of student privileges like a local public transport ticket by paying a relative small contribution. This could, if significantly at all, only affect internal enrollment rates and is unlikely to influence mobility rates.
Another critical remark may be associated with our empirical identification strategy. The DiD approach rests on certain assumptions, such as the existence of common trends, whose validity cannot explicitly be tested. However, we argue that this assumption is likely to hold in our setting. A violation of the common trends assumption could, for instance, be induced by economic shocks or policy changes by which the treatment and control group are influenced differently. In our analysis, this might occur if, e.g., one of the following policies during the time period under investigation affected the number of first-year students differently in fee-raising and non-raising states. First, the Higher Education Pact 2020 is explicitly aiming at increasing the number of university places in order to manage growing numbers of first-year students.
Second, winner universities of the Excellence Initiative ("Exzellenzinitiative") are likely to attract students. Both programs started during our observation period, that is in 2007 and 2006, respectively. We can rule out potential bias arising from those programs by showing that re-running the regressions, while including indicator variables for the introduction of the Higher Education Pact 2020 and for being a winner university or not leaves our results unaffected.
Third, German universities have faced a financial reform towards a performance-based funding, which has been started in the 1990's and has been introduced in a staggered way across federal states (compare ?). We remove potential influences from this reform by including a variable capturing the share of university financing that is linked to the number of students. Possibly increasing numbers of students are naturally related to the number of freshmen. Fourth, during the time period under analysis, the Bologna reform has taken place. We counter that source of bias by controlling for the share of freshmen who start studying in a "new degree", i.e., a Bachelor or Master degree. Finally, some German states shortened the number of compulsory schooling years until receiving a degree qualifying for studying at university from 13 to 12 years.
During the observed time span, this was the case in Mecklenburg-Vorpommern in 2008, and in Saxony Anhalt in 2007. We account for that by introducing corresponding dummy variables.
Another problem with DiD estimation can arise in form of the so-called Ashenfelter's dip (Ashenfelter, 1978) which describes the phenomenon that members of the treatment group may react to the announcement of the treatment. That would distort the measured treatment effect by the extent of the premature effect. In order to exclude this problem, we conduct sensitivity checks using an alternative treatment variable that is based on the announcement of tuition fees instead of the actual introduction. Our results remain basically unchanged.
Finally, by performing the analysis at different levels of aggregation, our findings turn out to be robust with regard to aggregation bias.
Conclusion
The pros and cons of charging tuition fees are subject to intense public debate. In Germany, a Federal Constitutional Court decision in 2005 empowered federal states to choose their preferred tuition fee regime. As a result, 7 out of the 16 federal states decided to introduce tuition fees in 2006 and 2007. Using this exogenous institutional shock, which results in regional and temporal variation in tuition fee regimes in Germany, this paper investigates the effects of tuition fees at German universities on the enrollment and migration behavior of first-year students. On the one hand, tuition fees constitute higher direct costs of studying while on the other hand, they might induce a higher quality of studies. Therefore, the direction of any impact of fees on high school graduates' decision is a priori unclear and remains an empirical matter.
In our empirical analysis, we use data at the federal state level and the university level data and employ a DiD approach. At the aggregated state level, we observe a statistically significant negative effect of tuition fees on total enrollment rates only for male students. Splitting this effect up into internal enrollment and interstate migration reveals that it is completely attributable to a drop in gross in-migration rates into fee-charging states among males. This result is confirmed by estimating a dyadic model, which treats each migration flow among two states as an individual observation. The university level framework finally enables us to refine the analysis and to identify "border effects", that is we examine whether migratory effects are concentrated at borders of two federal states that employ diverging tuition fee policies. While internal enrollment rates remain unaffected, gross in-migration from non-charging into charging states is negatively affected. The latter effect turns out to be driven by short-distance migration of first-year male students across state borders. Controlling for these "border effects", gender differences in the relocating trend in long-distance migration of university freshmen disappear.
Concluding from our results, we do not find evidence for any impact of tuition fees on internal enrollment rates but a redistributing migration effect of tuition fees, which is stronger for male students compared to female students. When examining the migratory behavior in more detail, we see that most of the effect for males is driven by short-distance cross-border migration. These findings suggest that tuition fees do not have a common overall effect but instead affect particularly those who live near both, a fee-raising and non-raising university,
i.e., high school graduates do not need to move if they want to avoid to pay tuition fees.
Thus, our analysis does not confirm the standard argument against tuition fees, namely that higher costs operated as a general deterrence for taking up a study at all. We also do not observe large (but still some) migratory effects beyond a 50 kilometer distance, which can be commuted without bearing relocation costs. The specific "border effect" found in our analysis is likely a result of the relative low overall amount of tuition fees in Germany, which is roughly 500 Euro per term. Although tuition fees have already been abolished in many states of Germany, there is still a need for larger investments in tertiary education. The latter are a crucial component in the higher education system in order to improve the universities' funding base and to ensure the basic conditions to provide high-quality education (compare Chapman and Sinning, 2013) .
Tuition fees can help to realize such essential goals. An alternative to the traditional upfront payment of fees are income contingent loans as applied in Australia, England and New Zealand. Such a funding system equalizes the access to university education as claimed by opponents of tuition fees.
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B Appendix -Dyadic specification
Eq. 1 in the text describes our basic DiD estimation approach in a panel data context in order to quantify the impact of tuition fees on the (total and internal) enrollment as well as mobility rate of university freshmen. This approach is surely suitable for the analysis of aggregate rates, when the cross-sectional dimension is made of regional entities or universities. However, in the case of student mobility there may be a loss in estimation precision associated with the use of aggregate information. This is due to the fact that a region's aggregate migration balance is defined as the total number of in-or outflows from or to all other states. In the case of our research question this aggregation may be problematic, since it dilutes the observable impact of tuition fee introduction given that the aggregate migration balance for each state is composed of a mix of flows from introducing and non-charging states in each point of time.
To overcome this shortcoming, we have also estimated the impact of tuition fees on regional gross in-migration rates based on a pairwise migratory patterns of university freshman among each 2-tuple of German states. The basic structure of this dyadic model shall be outlined in this Appendix. The aim of the dyadic approach is to make use of the full set of information available for the number of student migration flows among a set of origin-destination pairs for each point in time. We follow LeSage and Pace (2008) 
Since we do not observe information on intra-regional migration flows (that is main diagonal elements of M with o 1 → d 1 and so on) our migration matrix has the dimension [(n) × (n − 1)].
Then, taking an origin-centric perspective, we can then construct a stacked vector m = vec(M), whose first n − 1 elements reflect flows from origin 1 to all n − 1 destinations (excluding intraregional flows). Since we use migration data among 16 German federal states, this results in 16 × 15 = 240 observations for each year. Using data for the time period 2001 to 2010, our panel data framework covers a total number of observations as 240 × 10 = 2400.
For the empirical estimation we use a log-linear specification, where the dependent variable is the gross in-migration rate defined as gross in-migration flows inm ij,t to region i from j at time period t as share of the total number of university freshmen in region i. X ij,t−1 is the vector of explanatory variables, which are restricted to enter as inter-regional differences so that these variables have a triple-indexed form (ij, t) as well. 12 Formally,x ij,t for any variable
x ij,t is defined asx ij,t = (x i,t − x j,t ). As also done for the aggregate specifications, variables in X ij,t−1 enter as one period lags in order to rule out feedback effects from the dependent variables. The full model takes the form
where η ij denote unit-fixed effects for each pair of migration flows, λ t are time-fixed effects for each period t and ij,t is the model's error term. η i,j and i,j,t are assumed to be independent over the cross-sectional dimension with i,j,t being distributed as N (0, σ 2 ). Finally, different from the specification in eq. 1, we now include two DiD-terms T 1 i,t and T 2 i,t , which allow for the fact that the introduction of tuition fees in region i and region j may not have a symmetric adverse effect on the in migration rate of state i. β 0 , β 1 , τ 1 and τ 2 are coefficients to be estimated. Since the model is estimated in a log-linear specification, the estimated coefficients can be interpreted as elasticities. In the case of the DiD-term the coefficients τ 1 , τ 1 quantify the percentage change in the state's gross in-migration rate for a discrete change (from 0 to 1) in the tuition fee regime of state i and j, respectively.
